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FREE-SPINNING-TUNNEL INVESTIGATION OF A ' 
KSCALF: 

MODEL OF THE GRUMMAN AF-2S, -2W AIRPLANE 

By Walter'J. Klinar and Jack H. W ilson 

S U M M A R Y  

An investigation of the spin and recovery characteristics of a 
I-scale model of the Grumman AF-2S, 24 -2W airplane was conducted in the 
Langley go-foot free-spinning'tunnel. The effects of controls on the 
erect and inverted spin and recovery characteristics for a range of 
possible loadings of the.airplane were determined. The effect of a 
revised-tail installation (small dual fins added to the stabilizer of 
the original tail and the vertical-tail height of the original tail 
increased) and the effect of various ventral-fin and antispin-fillet 
installations were determined. 
recovery parachute tests. 

The investigation also included spin- 

The results of the tests indicated that the AF-2S, -2W airplane 
will have unsatisfactory recovery characteristics from fully developed 
erect spins with either the original or the revised tail installed. The 
addition of either a large ventral fin (approx. 12 in. deep, full-scale) 
or large antispin fillets (6.2 ft long and 3.1 ft spanwise, full-scale) 
to the revised-tail configuration led to satisfactory spin-recovery 
characteristics by normal use of controls (full rudder reversal followed 
approximately l/2 turn later by movement of the elevator down). Recoveries 
from inverted,spins of the airplane with the original or revised tail were 
indicated to be satisfactory by neutralization of all controls. On the 
basis, of model tests, it appears that a 12-foot flat-type spin-recovery 
tail parachute (drag coefficient of 0.67) should be effective for 

‘ .._.. - :~m. recoveries from demonstration spins. 
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INTRODUCTION 

.,_ ., ,. : 
In accordance with'the request of'the Rure& of-Aeronautics, Depart- 

ment of the Navy, tests were performed in the Langley 20-foot free- 
spinning tunnel to determine the spin and recovery characteristics of 
a &-scale model of the G rumman AF-2S, -2W airplane. The Al?-2s is the 
basic airplane design and the airplane designation changes to AF-2W when 
a large bulbous radome is installed beneath the fuselage. 

The AF-2s model was investigated in its basic flight loading for 
both inverted and erect spins. Tests were also conducted with the AF-2S 
model loaded to simulate the catapult condition. The AF-2W version of 
the model was investigated in the maximum overload condition and in the 
basic flight loading with wing fuel removed. The effect of revising the 
tail to correspond to the alterations made to the airplane by the Grumman 
Aircraft Engineering Corp. as spin-tunnel tests were in progress was 
determined. Tests were performed to determine the size of parachute 
required for emergency spin recovery, and, in addition, tail modifications 
were tested on the model in an attempt to improve spin-recovery 
characteristics. 
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SYMBOLS 

wing span, feet 

wing area/square feet 

wing or elevator chord at any station along the span, feet 

mean aerodynamic chord, feet 

ratio of distance of center of gravity rearward of 
-leading edge of mean aerodynamic chord to mean aero- 

dynamic chord. 

ratio of distance between center of gravity and fuselage 
.-reference line to mean aerodynamic chord (positive 
when center of gravity is below line) 

-mass of airplanei- slugs '. - ~'- ."- 

moments of inertia about X, Y, and Z body axes, 
respectively, slug-feet2 
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Ix - Iy . 

mb2 ,,. 

=Y - =z 
mb2 

Iz - Ix 
mb2 

inertia yawing-moment parameter 

. . . i : ., . 

inertia rolling-moment parameter 

inertia pitching-moment parameter 

air density, slug per cubic foot 

relative density of airplane 

angle between fuselage reference line and vertical 
(approx. equal to absolute value of angle of attack at 
plane of symmetry), degrees 

angle between span axis and horizontal, degrees 

full-scale true rate of descent, feet per second 

full-scale angular.velocity about spin axis, revolutions 
per second 

helix angle, angle between flight path and vertical, 
degrees (for the tests of this model, the average 
absolute value'of the helix angle was approximately 
4O> 

approximate angle of sideslip at center of gravity, 
degrees (sideslip is inward when inner wing is down 
by an amount greater than the helix'angle) 

tail-dsmping power factor (see reference 1) 

tail-damping ratio (see reference 1) 

AppARATus AND 

-G ,L..l. Model .. .I . . * II. &^-<pv*~uz " IV ..**; ._.. _-~..~ ._' _ . . ..- :. _- .- : .I pm-,. ..+,. ._. ..,..... _ 

The A- scale model pf the Grumman 24 AF-2&S, -2W airplane was furnished 
by the Rureau of Aeronautics, Department of the Navy, and was checked for 

METHODS 
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dimensional accuracy and prepared for testing by the Langley Laboratory. 
The dimensional characteristics of the model converted to corresponding 

..full-scale values are given intable I. A three-view drawing of the AF-2s 
version of the model as received at Langley is shown with external wing 
tanks installed in figure 1. 

During the course of testing, information was received from the 
Grumman Aircraft Corp. that small dual fins, roughly triangular in shape, 
were to be added to the airplane and, accordingly, these fins were 
installed on the model. These fins are shown in figure 2 and were placed 
on the model at either O" or 4O offset to the left. Subsequent to the 
receipt of the preceding information, the tail design of the AF-2S, 
-2W airplane was again altered in that the vertical-tail height was 
increased, the triangular dual fins were replaced by rectangular dual fins 
(called finettes) placed on the stabilizer at 0' offset, and a ventral 
fin l$ inches deep (full-scale) was added. The rudder and aileron deflec- 

tions were also altered, but the alteration to the aileron deflection was 
so slight (reduced from 20° up to lg" up) that only the rudder throw was 
changed on the model. The tail of the model was modified to incorporate 
the preceding changes except for the small ventral-fin installation and 
this final version of the tail as tested on the model is shown as fig- 
ure 3. The l$-inch,.fUl-scale, ventral fin was not incorporated into 

the final version of the tail because test data obtained prior to receipt 
of information on the tail revisions adequately indicated the effect of 
such a change. Ventral-fin and antispin-fillet modifications investigated 
on the model are shown in figure 4. 

The model could be converted from the AF'-2s to the AF-2W by the 
installation of a radome under the fuselage. A three-view drawing of the 
AF-2W version of the model with the original tail installed and with 
external wing tanks attached is shown in figure 5. The Al?-2S, -2W has a 
fixed slot in the leading edge of the wing. This slot is illustrated in 
figures 1 and 5 and in the photographs of the model with the original 
tail installed, shown in figures 6 and 7 for the AF-2s and Al?-2W versions, 
respectively. 

Upper-surface spoilers, called flaperons and flaperettes, are used 
in conjunction with the ailerons to provide lateral control of the air- 
plane. The size and position of the flaperonsand flaperettes investi- 
gated on the model are shown in figure 8. The deflection of the lateral 
controls plotted against stick travel is shown in figure 9. As is 

-? "A -'indicated in-figure 8j'the ,flaperettee ,are,narrow-chord spoilers and are 
pivoted near the trailing edge of the larger-chord flaperons. As the 
stick travels laterally, the flaperette is deflected first and reaches its 
full deflection after 2/7 of the stick's full lateral deflection, and 
after the flaperette is fully deflected the flaperon begins to deflect, 
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reaching its full deflection after 4/7 of the stick's full lateral 
deflection. 

'. ,. . ,,.~_ ._.,, 1. 
The model was ballasted with lead weights to obtain dynamic simi- 

larity to the airplane at an altitude of 25,000 feet (p = 0.001065 slug 
per cubic foot) rather than the usual 15,000 feet, because of the rela- 
tively heavy construction of the model. 

The propeller was not simulated on the model for these tests inas- 
much as unpublished data have indicated little effect of a windmilling 
propeller on the spin characteristics of conventional designs. 

Wind Tunnel and Testing Technique 

The model tests were performed in the Langley go-foot free-spinning 
tunnel the operation of which is generally similar to the Langley 15-foot 
free-spinning tunnel which is described in reference 2, except that the 
model launching technique has been changed. With the controls set in 
the desired position, the model is now launched by hand with rotation 
into the vertically rising air stream. After a number of turns in the 
established. spin, recovery is attempted by moving one or more controls 
by means of a remote-control mechanism. 
into a safety net. 

After recovery, the model dives 

figure 10. ~ 
A photograph of the model during a spin is shown in 

The data presented were determined by methods described in refer- 
ence 2 and have been converted to corresponding full-scale values. The 
turns for recovery are measured from the time the controls are moved, or 
the parachute is opened, to the time the spin rotation ceases and the 
model dives into the net. For the spins which had a rate of descent in 
excess of that which can readily be attained in the tunnel, the rate of 
descent was recorded as greater than the‘velocity at the time the model 
hit the safety net, for example, 73.69. For these tests, the recovery 
was attempted before the model reached its final steeper attitude and 
while the model was ‘still descending in the tunnel. 'Such results are 
conservative, that is, recoveries will not be as fast as when the model 
is in the final steeper attitude. For recovery attempts in which the 
model struck the safety net while it was-still in a spin, the recovery 
was recorded as greater than the number of turns from the time the 
controls were moved to the time the model struck the net, as >4. A 
%-turn recovery does not necessarily indicate an improvement over a 
>7-turn recovery. When the model falled to recover within 10 turns, the 

‘"?-'- reoovery-~~s-,~-corded-as~-0.- For recovery_attempts..in which the .model. 
recovered without control movement with the controls with the spin, the 
result was recorded as "No spin." 

3 
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Spin-tunnel tests are usually made to determine the spin and 
recovery characteristics of the model  at the normal spinning control 
configuration-(elevatorfull~up, ai lerons neutral, and rudder full with 
the spin) and at various other aileron-elevator control combinations, 
including zero and max imum deflections. Recovery is attempted either by 
rapid full rudder reversal alone or by rapid full reversal of both 
rudder and elevator. Tests are also performed to evaluate the possible 
adverse effects on recovery of small control deviat ions from the normal 
control configuration for spinning. For this type of test the ailerons 
are set at one-third of the full deflection in the direction of the 
slower recoveries and the elevator is set at full-up or two-thirds of 
its full-up deflection, whichever will cause slower recoveries. Recovery 
is attempted either by rapid rudder reversal alone from full with the 
spin to two-thirds against the spin or by simultaneous rapid rudder 
reversal from full with the spin to two-thirds against the spin and 
movement  of the elevator down., This control configuration and movement  
are referred to as the "criterion spin." For the present tests, the 
criterion-spin control setting was lateral controls l/3 against the spin, 
elevator 2/3 up and rudder full with the spin; the control movement  for 
recovery was simultaneous reversal of rudder to 2/3 against the spin and 
movement  of the elevator to 2/3 full down. Recovery characteristics of 
the model  are considered satisfactory if recovery from this criterion 
spin requires 2+ turns or less. This value has been selected on the 

basis of fuil-scale airplane s&in-recovery data that are available for 
comparison with corresponding model  test results. 

For the spin-recovery parachute tests, the m inimum size parachute 
required to effect recovery from the criterion spin within 2A turns after 4 
the packed parachute was opened was selected as the parachute required 
for satisfactory termination of the spin. The towline length used on 
the,spin-recovery‘parachutes was selected on the basis of the data 
presented inreference 3. The parachute towline was attached to the 
model  at the rear of the fuselage below the horizontal tail. The folded 
parackrute was placed on the inboard side of the fuselage (right side in 
a  right spin) just below the horizontal tail and did not alter the steady 
spin before the parachute was opened. For the current tests, the 
controls were not moved during recovery so that recovery was entirely 
due to the effect of opening the parachute, Flat-type nylon parachutes 
having a  drag coefficient of approximately 0.67 (based upon the canopy 
area measured with the parachute laid out flat) were used for the spin- 
recovery parachute tests, The parachute was opened for recovery attempts " -BP- &+tu&.tffig "th&y&&.,ye -cdntrol ,.me.cha;ni Bm, ,-and the-parachute,was blown 
clear of the model  by the action of the air stream. It is‘recommended 
that the full-scale parachute installation be provided with a  posit ive 
means of ejection, and that the packed parachute be placed within the 
airplane structure if possible. 
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Because it is impracticable. to ballast the model exactly, and because 
of inadvertent damage to the model during tests, the measured weight and 
mass distribution of the model varied from the true-scaled-down values 
within the following limits: 

Weight, percent . . . . . . . 
Center-of-gravity location, peGnC G 

. . . . . . . . . . : 0 to 1 high 

.'Longitudinally . . . . . . . . . . . . . . . . . . . 0 to 2 rearward 
m* :: ?-. _ 
$; 

- .. +~~+ater&+@~-. .k+.., _ -..? ,. . ~ r,. ., 

Cd, Moments of inertia 
s I. . Q _ ..-* . . . _ . _ . .* >... . ..-‘- l ‘> .*. l ..a 0 to 2 right 

Ix, percent . . . . . . , , . . . . . , . . . l . . . 1 high to 6 high 
Iy, percent . . . . . . . . . . l . . . . . . . . . . . . 0 to 8 high 
Iz, percent . . . . . . , . " : . , . . . . . . . , . , . . 0 to 5 high 

_ .., ,.. _ ._ 
The spin results presented herein are believed to be the true values 

given by the model within the following limits: 

qdegrees.......................... fl 
#,degrees........,.......... . . . . ...* l * ;tl 
V,percent.......................... 1: 1 *5 
R, percent . . . . . . . . . . . . . . *:2 
Turns for recovery *l/4 turn when'obtained &~rn'rn&t;o~-~i&&~ keiords 

*l/2 turn when obtained by visual estimate 

The preceding limits may have been exceeded for certain spins in 
which it was difficult to control the model in the tunnel because of the 
high rate of descent or because of the wandering or oscillatory nature 
of the spin. 

Comparison between model and airplane spin results (reference 4) 
indicates that spin-tunnel results will satisfactorily predict full- 
scale recovery characteristics 90 percent of the time and that, for the 
remaining 10 percent, 

,some of the details 
the model results will be of value in predicting- 

of the full-scale spins and the relative effective- 
ness of the controls on the recovery characteristics. In general, when 
the model spun at an angle of attack less than 45O, the corresponding 
airplane spun at a lower angle of attack, 
angle of attack greater than 45’, 

and when the model spun at an 

steeper attitude. 
the corresponding airplane spun at a 

The comparison presented in reference 4 also indicated 
that generally the model's inner wing was tilted less downward and the 
altitude loss per revolution was less than that of the corresponding 
airplane. It was also indicated that the corresponding airplane gener- 
ally would spin at a greater or lower rate of rotation then the model 
depending on-whether the tail~damping ratio was greater or less than 6.02, 
respectively. _ 
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The accuracy of measuring the weight and mass distribution is 
believed to be within the following limits: .'.---' --- .--. , .;, ._ tI _ 
Weight, percent . . . . . , . . . . . . . . . . . . '. . . . . . pi i +l 
Center-of-gravity location, percent F . . . . . . . . . . . . . . . *l 
Moments of inertia, percent . . . . . . , . . l . . . . . . l . . &5 

I Controls were set with sn accuracy of &lo. 

Test Conditions 

The mass characteristics and inertia, parameters for the airplane 
loadings investigated on the model are shown in table II. The inertia 
parameters for these loadings are plotted in figure 11. As discussed 
in reference 5, figure 11 can generally be used in predicting the relative 
effectiveness of the controls on the recovery characteristics of the model. 
It should be noted, however, that for the present model the 'slat instal- 
lation would tend to diminish any favorable effect due to placing the 
ailerons against the spin for those loading conditions where ailerons 
against the spin should be beneficial (see references 5 and 6). Tests, 
were performed for the model conditions listed in table III. 

The maximum control deflections (measured perpendicular to. the 
hinge line of the control surfaces) used in the tests were: 

Rudder, degrees 
Original . . . . , . . . . . . . , : ., l . . . . . . 32 right, 27 left 
Revised . . . . . . . .-. . . . l . . . . . 31 right, 24 left 

Elevator, d;gEe;s' . . . . . . . . , . . . . . . . . . . 27 up, 22 down 
Ailerons,degrees ..*..:.. . . . . . . . . . . . 20up,17.down 
Flaperon, degrees . . . . . . . . . . . . ,,-. . . . . . . . . . 40 up 
Flaperette, degrees relative to flaperon surface . . . . . . . . 90 up 

, 
Intermediate control deflections. used were: 

Rudder, 2/3 deflected, degrees 
Original . . . . . . . . . . . . i . . . . , , . . 21; right, 18 left 

Revised . . . . . . . . . . . . . . . . . . . . , 21$ right, 16 leit 
Elevator, 2/3 up, degrees 
Elevator, l/3 down, degrees' 

. . . . . '. . . . . . . . . . , . . . . 18 
f**nlp-.~' -~~g&'&al-~ .~o~~~&3j.2rl~3~ ~gfl&t.&& .i.,~-~r~e;tp~n~i.~g~ t 0. ,;p;r;x : Ga$ X. '_' 

14 

of lateral stick travel on the airplane) 
Ailerons, degrees . . , . . . . . . . . . . . . . . . 6$ up, g down 3 
Flaperon, degrees l ,........., 

Flaperette, relativ; ~o'fia~e~o~,'d;lg;e;s' . . . . . . . . . . , 
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As previously men-t ioned, a plot showing the lateral stick travel 
against the deflections of the various lateral controls is shown as 

,'- .- ,figure 9. -~ z _ ,. ~. .- . __ . 

RESULTS AND DISCUSSION 

The results of the spin tests of the model are presented in charts 1 
to 7 and tables IV and V. The model data are presented in terms of the 
full-scale values for the airplanes at a test altitude of 25,000 feet. 
Based on spin-tunnel experience, it is felt that the current results are 
probably somewhat conservative as compared to corresponding results which 
would be obtained at an altitude of 15,000 feet. All tests were performed 
with the model in the clean condition (cockpit closed, flaps neutral, 
landing gear retracted). 

The center of gravity of the airplane was displaced laterally from 
the plane of symmetry and the rudder deflections to the right and left 
were different and, although simulated on the model, the model's spin 
and recovery characteristics were generally quite similar to the right 
and to the left. Inasmuch as the rudder on the model did not extend 
below the horizontal tail, it appears that most of the rudder may have 
been shielded by the horizontal tail during the spin, .and, therefore, 
the modei was not sensitive to small variations in rudder setting. 
Apparently the lateral displacement of the center of gravity was not of 
sufficient magnitude to cause any appreciable difference in the results 
of right and left spins, On the basis of the model results it appears 
that power-off spins of the full-scale airplane should be similar to the 
right and to the left. The spin data presented in the charts and tables 
are arbitrarily presented in terms of right spins. 

Original Tail 

The results 'of the erect spin tests of the model with the original 
tail installed (fig. 1) are presentedin charts 1 to 3. 

Al?-2s - basic loading and catapult condition.-' As is shown in 
charts 1 and 2, the spin test results for the AF-2s model were generally 
similar for the.basic loading and for the catapult conditions~(loading 
points 1 and 2, respectively, in table II and fig, 11) except that ailerons 
with the spin had a favorable effect on recoveries for the basic loading, 

.i-" ,, +whereas -recover&es-. attempted from the- catapult co.ndit.ionr.,by rudder 
reversal alone were affected adversely by placing the ailerons with the 
spin fram elevator-up spins. Recoveries from elevator-neutral or down 
spins for the catapult conditions were indicated to be little affected 
by aileron position. Elevator full-up generally was indicated to be the 
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most favorable elevator setting for recovery, and setting the elevator 
down before reversal of the rudder led to poor recoveries for all aileron 
-g&t&@, ), * -, -- _ ,, ,, ,- ..,. _ - I. ., 

In order to evaluate the possible adverse effects of small devi- 
ations from the normal control configuration for spinning, tests were run 
at the control configuration previously referred to as the criterion 
(for these tests, lateral controls deflected l/j against the spin and 

spin 

elevator set at 2/j of its full-up deflection). The data presented in 
charts 1 and 2 indicate that recoveries from this spin were unsatis- 
factory either by reversal of rudder or by reversal of both rudder and 
elevator. On the basis of these test results the recovery character- 
istics of the model are considered unsatisfactory, and it appears that 
normal control manipulation for recovery (full rapid rudder reversal 
followed approximately l/2 turn later by movement of the elevator down) 
may not satisfactorily terminate a fully developed spin on the airplane. 

Al?-2W overload condition.- The results of the spin tests of the 
AF-2W model (radome installed) for the overload gross weight loading 
(loading point 3 in table II and fig..11) are presented in chart 3.- This 
loading represents the AF-2W airplane in the take-off condition with the 
maxim'um,amount of fuel. It should be noted that this loading is similar 
to that of the AF-2s in the catapult condition.(compare loadings 2 and 3 
in table II). .' 

The results for this loading are similar to those obtained for the 
Al?-2s model in the catapult condition (compare charts 2 and 3) and indi- 
cate that recoveries will be unsatisfactory either by rudder reversal 
alone or by simultaneous rudder and elevator reversal, as shown by 

.rccoveries obtained from the criterion spin. Inasmuch as the mass 
loadings of the AF-2S in the catapult condition and the Al?-2W in the 
overload condition are similar and inasmuch as the spin and recovery 
characteristics are essentially the same, the aerodynamic effect of the 
radome on the spins is thus indicated to be slight. This effect is' 
similar to ths't reported in reference T-for a model of somewhat similar 
proportions.. 

Revised Tail and Tail Modifications- : 

No.offset in small dual vertical fins.- The results-of brief tests 
conducted with small triangular dual fins installed on the stabilizer 
with O" fin offset as shown in' figure 2, a tail revision initially 

WI--c cont~mplat~~~b~.,~,~~,..are presented in chart 4. Comparison of the data presented in cbrts 1 pi&- j &sg‘ f.,; T d‘&+g "~~~~~~t~~~e'd"-i.a:.ch~rt. 4 
indicates that there was little effect of installing the triangular dual 
fins, Brief tests conducted at the AF-2s basic loading condition with 
the rectangular finettes installed with O" offset and the vertical-tail 
height increased (fig. 3), the final revised versidn of the tail, 
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indicated that this tail configuration did not improve the spin-recovery 
characteristics. (See table V.) ..i .,,,.--_ _, 

In an attempt to improve the spin-recovery cbar~kteristics of the 
model to the extent necessary to make them satisfactory, several modifi- 
cations were made to the tail. The tail installed on the model for these 
tests was the final revised tail (rectangular finettes and increased 
vertical-tail height, fig. 3). These tests were conducted at the two 
extremes in loadings of the airplane as regards the inertia yawing- 

moment parameter: the AF-2W overload condition (Ixrni2 = 0) and the 

AF-2W basic loading condition less wing fuel 
( 

Ix - =Y 
mb2 

= -79 x 10-h 
) 

, 

loadings 3 and 4 in table II, respectively. Inasmuch as the loadings 
possible on the two versions of the airplane (Al?-2s or Al?-2W) fall within 
this range of inertia yawing-moment parameters, it is felt that any 
modifications satisfactory for the two conditions investigated would be 
satisfactory for the intermediate conditions. (The AF-2W basic loading 
condition less wing fuel;-loading number 4.in table III, was investigated 
after it had been determined that there was little aerodynamic effect of 
installing the radome.. In order to expedite testing, the model was 
tested with the radome replaced by-equivalent weight in the fuselage 
for this loading condition.) 'The results of the tail-modification tests 
are indicated in table V and charts 5 and 6. 

For the AF-2W basic loading less wing fuel, a ventral fin 4 inches 
deep, full scale, (indicated,by Grumman to be the maximum ventral fin 
depth permissible on the airplane) which extended from approximately the 
trailing edge of the wing to the trailing edge of the elevator did not 
improve the recovery characteristics (modification number 1 in table V 
and fig. 4). Increasing the ventral-fin depth to approximately 8.4 inches, 
-full scale (modification number 2), was not sufficient to lead to satis- 
factory recovery characteristics (table V). Preliminary test information 
.had indicated thatwhen the opening between the wing and the slat was 
stiller than the required amount, this modification would be of. sufficient 
size to enable satisfactory recovery characteristics. With the slot gap 
set to the correct amount, a ventral fin approximately 12 inches deep 
and 8.72 square feet in area (full scale),, modification number 3, satis- 
factorily improved the spin-recovery.characteristics for this loading 
condition, provided both rudder and elevator were reversed Por recovery 
(table V). -v".- s-,--.-i.+,.; \:;-*q)-&... r~- : . :.: ._ ;.*. I .--..‘. : ._.. : _. ;_-.I - 1. _ _.~ -. . ,. . 

Inasmuch as the large,ventral fin necessary to obtain satisfactory 
spin recoveries cannot be tolerated on the airplane, sntispin fillets 
were investigated on the model. As is shown in figure 4, the fillets were 
installed at the intersection of the horizontal tail and the fuselage 
and in the chord plane of the horizontal tail, As is indicated by the 
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data presented in table V and chart 5, the minimum size fillet that 
provided satisfactory recoveries for the AF-2W basic loading condition 

Ix -=-. I$'.=.'-7; x l- 
I- - rj was one that measured 6.2 feet 

\ mb' 
along the fuselage and 3.1 feet spanwise (full scale), modification 4 
in figure 4, provided both rudder and elevator were reversed for recov- 
ery. Smaller antispin fillets, modifications 5 and 6, were found to be 
inadequate (see table V and fig. 4). 

Tail-modification tests conducted at the other loading extreme, the 

AF-2W overload condition 
( 

Ix - IY = 0 
mb2 ) 

, indicated that the modifications 

found to be satisfactory at the Al?-2W basic loading condition less wing 
fuel were still satisfactory at the AF-2W overload condition (table V 
and chart 6). Thus, on the basis of the results obtained for these two 
loadings, it appears that by the installation of either a ventral fin 
approximately 12 inches deep (full scale), modification 3, or antispin 
fillets 6.2 feet long and 3.1 feet spanwise (full scale), modification 4, 
spins obtained on the AF-2S, -2W airplane can be satisfactorily terminated 
by normal spin-recovery technique (full rapid reversal of the rudder 
followed approximately l/2 turn later by movement of the elevator down). 
Although not specifically tested, raising the horizontal tail approxi- 
mately 1.5 feet on the full-scale airplane would lead to a TDPF equiva- 
lent to that obtained by adding the largest ventral and thus might also 
provide satisfactory spin-recovery characteristics. 

Small dual fins offset.- Brief tests were conducted with the dual 
triangular fins offset 4' to the left inasmuch as early information 
obtained fram Grumman had indicated that such a tail revision was 
originally contemplated on the AF-2S, -2W design. The data obtained 
from these tests, not-presented, indicated that offsetting the dual fins 
to the left had 'an adverse effect on recoveries from right spins inasmuch 
as the ventral-fin size required to enable satisfactory recoveries from 
spins with the fins offset was larger than the ventral-fin size required 
to enable'satisfactory recoveries when the dual triangular fins were 
installed without offset. On the basis of these results, it appears that 
if the rectangular finettes incorporated into.the final revised version 
of the.tail (fig. 3) are installed with offset, the modifications .found 
to lead to satisfactory recovery characteristics when the rectangular 
finettes were installed with no offset (mo$ifications 3 and 4 in fig. 4) 
would no longer be adequate. x-.-m. ;- ._ a-:.. .--i ?" ., .-':--<.~ _ .-. , -,. : I. _,_ C, -,. ._ . =, ,.- 
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Inverted Spins 

13 

,..- .The results. of-the. inverted-sp.in .tests..of the model in the basic 
-loading with the original tail installed are presented in ch&& i. 
Although not specifically tested, it is felt that the results of these 
inverted-spin tests are also applicable for the revised-tail installation. 
It should be noted that the order used for presenting the data for 
inverted spins is different from that used for erect spins. For inverted 
spins controls crossed for the established spin (right rudder pedal 
forward and stick to pilot's left for a spin to the pilot's right) is 
presented to the right of the chart and stick back is presented at the 
bottom. When the controls are crossed in the established spin, the 
ailerons aid the rolling motion; when the controls are together, the 
ailerons oppose the rolling motion. The angle $ in the chart is given 
as up or down relative to the ground. 

The recovery characteristics from all inverted spins obt&ed were 
satisfactory by rudder reversal alone for all control configurations . 
except for the configuration with the controls crossed and‘stick forward. 
The results indicate that merely neutralizing all controls will insure 
satisfactory recoveries from inverted spins. 

Spin-Recovery Parachuties, 

The results of tests performed with spin-recovery parachutes attached 
to the tail of the model.presented in,table IV show that a 12-foot- 
diameter'parachute (measured laid out flat) with a towline length of 
30 feet appears to be necessary for satisfactory recovery from spins by 
parachute action alone. As previously indicated, the parachutes tested 
were of the flat-type variety having a drag coefficient of approxi- 
mately 0.67. If a parachute with a different drag coefficient is used, 
a corresponding adjustment k-111 be required in parachute size.' Refer- 
ence 8 indicates that conventional'flat-type parachutes made of low- 
porosity materials are uns"c;able and may seriously affect the stability 
of the airplane if the parachute is opened in normal flight to test its 
operation, It may be desirable, therefore, to use a stable parachute 
(reference 8) as an emergency spin-recovery device on the full-scale 
airplane. 

The preceding tests were performed with the original tail.installed 
on the model with the model ballasted to simulate the AF-2s basic loading 
condition (loading number 1 in table II). On the basis of the study 

k 
aA- -;ir- r*:. . irw. 

x.' 
present+ ia- .referenc.e 9,. the @.ze~~par.achut,e _d,et,e~iq@. as, being satis- 

F 
i-t% :i . factory for the condition tested would also be effective in terminating 
$-. spins for any loading condition indicated as possible on the AF-2S, 

-2W airplane in table II with either the revised or modified tails 
investigated on the model. 

,. 
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Landing Condit ion 

The~landing condit ion-was not investigated on this model  . inasmuch 
as current Navy specif ications do not require airplanes to be spin- 
demonstrated in the landing condition. Analysis of full-scale and model  
tests on numerous designs to determine the effect of f laps and landing 
gear (reference 10) indicates that al though the AF-2S, -2W  airplane will 
probably recover satisfactorily fr0m.s.n incipient spin (1 turn or less) 
recoveries from fully developed spins in the landing configuration will 
probably be unsatisfactory. In order to avoid entering a  fully developed 
spin, it is recommended that the flaps be neutral ized and that recovery 
be attempted immediately upon inadvertently entering a  spin in the 
landing condition. 

CONCLUSIONS 

Rased on results of tests of a  ' -- scale model  of the Grumman AF-2S, 
24 

-2W  airplane, the following conclusions regarding the spin and recovery 
characteristics of the airplane at a  test altitude of 25,000 feet are 
made: 

1. The spin-recovery characteristics~of the AF-2S -2W  airplane 
equipped with either the original tail or the revised Call will be 
unsatisfactory from fully developed erect spins. 

2. Installing either a  ventral fin (approx. 12 in. deep, full scale) 
below the horizontal tail or installing antispin fillets (6.2 ft long, 
3.1 ft spanwise, full scale) at the juncture of the fuselage and the 
horizontal tail will lead to satisfactory recovery characteristics of 
the airplane with the revised tail by  normal use of the controls (full 
rapid rudder ,reversal fol lowed approx. l/2 turn later by movement  of the 
elevator down, ailerons maintained at neutral). 

3. The.radome installation will have no appreciable effect on the 
spin and recovery characteristics of the airplane. 

4. Recoveries fram inverted spins should be satisfactory by 
neutralization of all controls. 
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5. A 12-foot flat-type tail parachute (drag coefficient 0.67) with 
a  towline of 30.0 feet will be satis:actory for emergency recoveries 

"from demonstrat ion spins.- 
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TABLE I.- DIMEXXONAL CHARACTERISTICS OF GFUMMAN AF-2S, -2W AIRPLUES 

Length over all, ft (measured from intersection of nose and fuselage 
reference line to end of fuselage) . . . . . . . . . . . . . . . . . . . . . 40.74 

wing: 
Span, ft . . . . . . . . . . . . 
Area, sqft . . . . . . . . . . 
Section: 

Root (T.E. modified) . . . . . 
Tip (T.E. modified) . . . . . 

Incidence, deg . . . . . . . . . 
Dihedral, deg . . . . . . . . . 
Mean aerodynamic chord (-d), in. 
Leading edge of mean aerodynamic 

edge of wing, in. . . . . . . 

. . . 
* . . 

. . . 

. . . 

. . . 

. . . 

. . . 
chord 
. . . 

...... 

...... 

...... 

...... 

...... 

...... 
rearward of 
...... 

............... ............. 5486: 
. . . . . . . . .  NACA 28018.75 ........... NACA 23012 
............... 
............... 5' 
............. 115.07 
leading 
............. 10,3 6 

Ailerons: 
Area aft of hinge line (total), sq ft .................... 33.4 
Hinge line to trailing edge, in. ...................... 20.0 
Spa?, percent b ... - ........ ; .. ; ................. 35 

Flaperons: 
Area aft of hinge line (total), sq ft ................... 15.72 
Span, percent b ................................. 20 

Flapperettes: 
Area aft of hinge line (total), sq ft . . . . . . . . . . . . . . . . . . . . 2.75 
Span, percent b . . . . . . . . . . . . . . . . . . . ., . . . . . . . . ., . . . . 20 

Slots: 
Length,percentb :..........'..........,i......... .33 

Total area, sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139.35 
Span,ft............................,: . . . . . 26.17 
Elevator area aft of hinge line, sq ft . . . . . . . . . . . . . . . . . . . 45.28 

gravity to elevator hinge line, ft . . . . . 23.65 Distance from normal center of 
Incidence, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Original vertical tail: 
Total areaj sq. ft . . . . . . 
Total rudder area aft of hinge 
Distance from normal center of 

,, Ld: .T+l*ping power- ,factor- --.? -. 

. . . . . . . . . . . . . . . . . . . . . . . 
line,sqft................. :57’:: 
gravity to rudder hinge line, ft ; . . . . . . 21.4 
,  .  .p-, ~ -.*.  . * . ,  l - . .+m *  .~ - , . . , . ,  “C1”,~. ..~. ._. .~. .~- .  ._.~__ T. . .  213 x 1076 

Revised vertical tail: 
Total area, sq ft . . . . . . 
Total rudder area aft of hinge 
Distance from normal center of 
Finette area, total, sq ft . . 
Tail-damping power factor . . 

........................ 65.4 
line, sq ft ............... .'. . 18.6 
gravity to rudder hinge line, ft ....... 24.4 
........................ 27.5 
. ‘ . . . ..‘.............. 522 x lo-6 

Horizontal' tail: 



Airplane 
desigmtiol 

I AF-2s 

! 
AF-2u 

I 

TABLE II.- MASS CEAFfACTERISl'ICS AND INERI'IA PARAMLTERS FOR WADING CONDITIONS 

Catapult condition 
2 (external wing talkr 

~~IIUS 0verloaa PROBE 
3 weight. (Externalwin 

-1 

I- 

4 Basic flight less 
wingfuel 

OF GKU'MAN AF-2S, -2UAIRPLANETESl'EDON&-SCALEM3DEL 

bll-scale values presented 

P 
Center-of-gravity Moments of inertia about center 

location . of gravity 

19,200 7.6 ‘17.0 0.256 -0.019 -0.072 33,527 44,120 

22,900 9.1 20.3 a.254 -0.016 -0.030 42,161 45,890 
- 

21,800 8.7 lg.4 oi77 -0.003 -0.039 45,343 45,485 

18,777 7.4 16.6 0.263 -0.004 -0.068 27,940 44,597 

IZ 
slug-feet21 

i”b-Wf 

83,374 

87,458 

69,273 

i&s parameters 

Ix - IY 
mb 2 

-14 

0 

-- 

-79 

Iy - Iz Iz - Ix -- 
rub2 mb2 

-146 160 

-171 171 

-117 196 
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TABLE III.- CONDITIONS TJ3STg ON ..-. ,.,.,~ -.~- ,- rr ".. _, ., -I &-SCALE MODEL OF 

GRUMMAN AF'-2S, -2W AIRPIANE 

@ode1 loading numbers are those given in 
table II and fig. 14 

Loading Type of spin 

Erect 

Inverted 

Erect 

Erect 

Erect 

Erect 

Erect 

Erect 

Erect 

4 -.:' 

i 

Erect 

Erdct 

Erect 

Erect 

Erect 

Erect 

Erect 

Erect 

Data presented 
Model revisions in 

Chart Table 

None 1 am 

None 7 
Original tail with triangular dual 

fins installed 
J 4 

Revised tail mm- V 

None 2 

Original tail with triangular d-1 
fins ipstalled 4 

None 3 
Original tail with triangular dual 

fins installed 4 

Revised tail and ventral fin - 
modification number 2 v-- , V 

Revised tail and ventral fin - 
modification number 3 a-- V 

Revised tail and antispin fillet - 
nxdifical3on number 4 6 V 

Revised tail and ventral fin - 
lmdification number 1 

m-m V 

Revised tail and ventral fin - 
modification number 2 -mm V 

Revised tail and ventral fin - 
modification number 3 -me V 

__ .., .~-'-~ -.., m,w,y,‘- . . . . . -.. =- ., .I _ ,,.__ _. ~., -.., -.._ 
Revised tail and antispin fillet - 5 

modification number 4 V 

Revised tail and antispin fillet - 
modification number 5 s-m V 

Revised tail ana antispin fillet - 
modification number 6 s-e V 

19 

.._. 

aSpln-recwery parachute data. 
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TABLE IV.- TAIL PARACHUTE SPIN-RECOVERY DATA OBTAINE'P) 

WITH $-SCALE MODEL OF GRUMMAN AF-2s AIRPLANE 

Boading point 1 in table II and fig. 11, rudder full 
with the spin; model values converted to full-scale 
Vahe s ; CD of parachutes 0.67; right erect spins] 

Parachute Towline 
diamkter length Latera, Elevator 

Vertical rate Turns for 

(ft) 
of descent 

(ft) 
controls 

(fP4 
recovery 

11.4 : 30 1 against 2 3 up 249 i 3 1,. 12 2, : 

-_ 

11.4 30 Full against Neutral 222 3, 3$ 9 

249. l1 -> 2, 2 2 
12.0 30 h against 2 3 3 up 

Apwox. 333 13 3 T;' i;' 'i; 

12.0 30 Full aga,inst Neutral 222 

.  .-.Rj-. , .  . . .  r’ I-1. ne.2- ..‘.,. . , . .  .  , . ,  .  .  .  ,  . :  - . . .  _ .  
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TABLE V.- EF!FECl'IvENEsS OF VARIOUS MODIFICAl' IONS TESTED ON 1 -SCALE MODEL 
24 

OF kMM4N AF-254 -2W AIRPW EQUIPPED WITH REVISED TAIL 

C kdelvalues are presented in terms of full-scale values. Steady-spin 
data presented for: rudder full with the spin, ailerons l/3 against 
the spin, and elevator 213 up. Recovery attempted by simultaneous 
reversal of the rudder from full with to 2/3 agaipst the spin and of 
the elevator from 2/3 up to 2/3 dam] 
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CEmT l.- SPINANDR~OVEXfCE4FACTERISl ' ICS OF A  &SCALEMODELOF(I~AF-2S AIRE,Mi'E 

EQUIPPED WITEORIGINALTAIL INWIC LOADING 

pging point 1 in tame II and fig. ll; flaps neutral; COC~it CloSCdj landing gear 
retraCtedi SlOtS open; nco~ery attcmptcd ay full rapid ~8r -sr,al CxCapt as .-. 
noted (recovery attempted fmm, and ate&y-&n data presented for, rudder full 
with spine); right erect spins] 
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59 4lJ 52 2u 
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I 22g O-37’ (Sti& right) Lr 69 
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: 3;. 
AWanheLig ~&I.~ 

I, -. ._ _ . ., 
qltiipplrlg spin. 
“Recovery ettempted by reverelng rudder from 

rlth the rpln to 2 against the epln. 
d 3 

Reootery sttempted before model reeohed lte 
tlnel eteeper attitude. l Oeeilletory in roll end yew, avenge relue 

'Wof?gAee into en inverted spin 8fter 
recovery from l reot l pin. 

- ., - Modbl- Vslues' '-. a '.. ,$ 
converted to 
correepondlne 
full-scale va1uee. V  0 
U inner wing up 
D lnncr wing down 
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CNAFm 2.- SPIN AN0 REEOVWT CZiAPJGTwI~ICS OF A &-SCALE MODEL OF G M  AF-28 AIPmJXS 

E'JJIPPED W IYE ONIGIHAL TAIL IN CATAFUL!TC LOADIho 

[hain& point 2 in table II c.md ii& 11; flapa neutral; cockpit cbxed; landing Sear 
~t~cted; Blota opm; reco”cry attempted by kll rapid rudder reversal rxccpt 
noted. (recovery attempted fmm and atcady-apin data praaentcd for, rudder full 

as 
with .Pine); right erect Spins 1  
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4mderlna spin. 
qlhlpplng mpln. 
OOsoillatsr in pitch, range or avenge value 
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dReoorary attmp$ed by rsrerring rudder from 

full with to 3 agalnrt the spin. 
‘Rmocrsry attempted by rlnultanwur rsrcrral of 

the ruddrr iron full with to agalnrt the mpln 

f snd morrmnt or the slsrator iron up to down. 
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Model values 
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clLu?.r 3.- SPIN AND FITOVERT CRAFXTERISl'ICS OF A &-SCALE MODEL OF GRUHMAN AF-PW NIRPLuE 

EQlIPPEDWITBOILIGIIULTAILINMAXIMUMOVWLOADGR098 UEIGETLoADII?Z 

wint 3 in table II ard fig. ll; ilapn neUtrali cockpit CloBedj landing gear 
rEt~Ctedj BlOta Open; =~OV~W attmpted by hrll rapid rudder mer~al except a. 
noted (racovery attemPted from, and steady-spin data presented for, rudder full 
tith apinm); ri&t erect spina] 
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Lateral control* 
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Model valuen 
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against the rpln. 
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full-scsle valuer. 
U lnncr wing up 
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2 down. 

fJ Reoorory attempted by slmultanooum full rrverml at 
ruddar.and l lsvator. 

D lnncr wing down 
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CRART k.- SPIN MD REOVWY CEAi7ACTEXISTICS OF & -SCAL!Z MODEL OF GRUMMM AFZS, -2W AIRPLME 

~H,YlTHORIGIAAITTlLILVITBT~~~ILTALFIl lSINSPALLED011HO~~TAIL 

paaalng *a indicated; cockpit cloeea; landing gear retracted; slots open; recovery 

'. 
atte&Ca-by full rapid rudder rw.%sal unless otheniae indicated (recovery 
dtarptti from, and ateaay-spin data presented for, tiaer pull tith spins); 

‘right erect spins] 

,:- ., d 
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Loading point 1 on table II and rlgugure 11 Loading point 2 on table II and rlgure 11 

Lateral 
contmle 
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controls 
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; UP 
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%eeorcry attempted by rererslng rudder iron full with the l pl~ to 5 agelnat the epln. 
%ecorcry l ttemted by elwltaneous reversal of the rudder f y full wlth the spin to 

$ agalnet the epln and aorement oi the elevator imm up to 7 dovn. 
oOec/lllatory l pin. 

I 

hderlng apin. 
Range or valuer given. 

eReo~~e.~ attempted by elwltaneous rererral of ths’rudder imm full with the epin 
to full against the epln and mrement of the elevator iron full up to full dovn. 

Loading point 3 on table II and figure 10 

Full tith 

EleTatOr 
full up 

Model values 
converted to 
corresponding 
full-scale values. 
u inner wing up 
D inner wing down 
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clvm 5.- SPIN AND RDCOVBW CHARACTERISTICS OF A &-SCALE H)DEL OF GRUMMN AX’-2W AEPLAWB 

INBASIC FLIGKTIJ~ADIKIE~SUINGZVEZ - F?~. ' ISEDTAILANDIAFCEAKCISPINFILLFTS 

INSTALCETI (MDDIFICATION 4 IN FIG. 4) 

[ i-W point 4 in table II and fig. 11; flap1 neutral; cockpit c~o.ed; imainS gear 
=traCt-% slots open; recovery attempted by iull rapid zulder ~everaal except as 
noted (recc=ry attempted irk 
with 8pin.); right err&, apina I 

ma ateady-8ppin data pE8ented for, md,3er iull 
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~mprw oy l mumn*oum rrrerml 1m mnuer rmm run with to ml 
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Agelnrt the apin. 
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the ~~44mr fmm full rlth to 7 AgA’--+ --1 
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full-~cslc "al 
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INt4AXIMJMOVEFUlADGROSSUFiIOlU’LOADI?E -RWISEDTAILAM)LARX'M!lZBPII i  FILLET2 

.a,_ ,,. A.., .- .- .. . . . . -.. _  iNBULLED (JKIDIFICATIO~~ 4 IN FIG:4) 

[ iding Point 3  in table II and fig. 11; flaps neutral; cockpit closed. landing gear 
ratractea; slots open;  recovaay attempted by full rapid rudder me&al except 
notea bcovew attempted 
with s~inm); right erect 

c-cm and l teady-spin data presented for, rudder full 
a. 

mppin. 1  
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Eha apin an4 or tha l +Ator r& up to 
i: down. J 
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CEPm 7.- INVNSl'm SPINAND REcOVERYCEARACTERISTICS OFA~I;-GCALFMODLZOFGRUHMA~~AF-~SAIWW~E 

E@JlT'PEDWI!TEORIGIl iALTAILII?BA!3fC WADIIR3 

[&.ad,ing point 1 in table II and rig. 11; flaps neutral; bockpit closed; landing gear retracted; 
11ota open; recovery attempted by nci rapid. rudder revers$¶l except *.B noted (recovery ted i-s and &eaQ-Spin data pmaented for, udder hrlltith Spins); right e=Ct 
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El No rpin 

Stiok right 
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Model values 
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Corresponding 
full-scale values. 
u lnncr wing ffp 
D lnncr wing down 
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Figure l.- Three-view drawing of the &- scale model of the Grumman AF-2s 

airplane equipped with the original tail as tested in the Langley 20-foot 
free-spinning tunnel. Center of gravity is shown for the basic flight 
loading. Aileron and flaperon dimensions are given in the wing-chord 
plane. 
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Figure 2.- Original tail of the A-scale model of the Grumman 
24 

AF-2s, -2w 

airplane with the triangular dual fins installed. 
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Figure 3.- Comparison drawing of the original and revised tail of the 
L-scale model of the Grumman 
24 

AF-2s, -2W  airplane as tested in the 

Langley 20-foot free-spinning tunnel. 
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Figure 5.- Three-view drawing of the A-scale model of the Grumman 24 AFJW 

airplane equipped with the original tail as tested in the Langley 20-foot 
free-spinning tunnel. Center of gravity is shown for the maximum over- 
load gross weight loading. Aileron and flaperon dimensions are given 
in the wing-chord plane. 
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Figure 6.- Photograph of the &- scale model of the Grumman AF-2s airplane 
equipped with the original tail. 
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Figure 7.- Photograph of the -&- scale model of the Grumman AF-2W airplane 

equipped with the original tail. 
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fully deflected (schematic). 

Figure 8 .- The geometry of the flaperon and flapperette investigated on the 

L-scale model of the Grumman AF-2S, 24 -2W airplane. 
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Figure 9.- Lateral-control deflections with stick displacement of the 
Grumman AF-2S, -2W  airplane. 
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Figure lO.- Photograph of the L-scale model of the Grumman 24 
AF-2s airplane 

equipped with the original tail spinning in the Langley 20-foot free- 
spinning tunnel. 
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-..: ,. ./,- .,..-.,.. Figure-ll-.- Mass  parameters .for the loading condit ions of the 

Grumman AF-2S, -3 airplane tested on the &-scale model. 
(Points are for loadings listed in table II.) 
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